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 ABSTRACT 
 
 INVESTIGATING THE FUNCTION OF THE MOLD SPECIFIC  
 
GENE M46, IN THE PATHOGENIC DIMORPHIC FUNGUS 
 
HISTOPLASMA CAPSULATUM 
  
by Davida LaShaundra Crossley 
 
May 2013 
Histoplasma capsulatum (Hc) is a dimorphic fungus that is the etiologic agent  
for the respiratory infection histoplasmosis. The fungus is found in the environment in 
contaminated soils of birds and bat excreta as a multi-cellular saprophytic mold. Once 
the soil is disturbed, spores are released and are inhaled into the lungs. In the lungs, the 
fungus converts to uni-cellular parasitic yeast (Maresca & Kobayashi, 1989). The 
conversion from mold to yeast is a requirement for pathogenesis. Previously, several 
mold specific genes have been isolated by our laboratory from a subtracted cDNA 
library. One such gene, is M46. M46 is a single copy gene and has a predicted protein 
size of 8.5 kDa. Northern blot analysis of M46 in four major Hc strains, revealed that 
M46 is not expressed in yeast. The gene is expressed in mold for strains G186AS and 
Downs, but is silent in strains G184AS and G217B.  These findings suggest that M46 
may not be involved in dimorphism. According to NCBI Genbank, M46 does not have a 
homolog, and therefore the function is unknown.  Several experiments were conducted 
to gather more information about possible functions of M46. Over expression of M46 in 
the yeast did not induce filamentous growth. Examination of a M46 knock out mutant 
constructed by allelic replacement, with confocal microscopy, scanning electron 
microscopy (SEM), and transmission electron microscopy (TEM), did not reveal any  
  
iii 
significant structural changes. Therefore, M46 may not be involved in maintaining the 
mold and yeast morphology. Growth curve studies of the M46 knockout and wild type 
strains, revealed that M46 is not involved in maintaining the normal growth rate in mold 
and yeast. Parallel comparison of gene expression of the M46 knockout and wild type 
strain via RNA sequencing, suggest that the function of M46 may be correlated with 
drug resistance and iron and sugar transport. 
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CHAPTER I 
INTRODUCTION 
            The dimorphic fungus, Histoplasma capsulatum (Hc) is the causative agent for 
the respiratory disease histoplasmosis. Histoplasmosis is predominately found in 
temperate, sub-tropical, and tropical zones. The disease is endemic to the United States 
in the Mississippi and Ohio River Valleys (Maresca & Kobayashi, 1989). The primary 
disease is mostly confined to the lungs and often results in asymptomatic or mild flu-
like symptoms in immunocompetent individuals. For immunocompromised individuals 
including; infants, the elderly, persons living with HIV, etc, histoplasmosis can be fatal 
and disseminate to other parts of the body including the bone marrow, spleen, and liver 
(Kauffman, 2007). 
 Cave workers, farmers, and construction workers, are persons highly at risk for 
histoplasmosis, due to growth of Histoplasma capsulatum in soils contaminated with 
bird and bat excreta. In the soil, the fungus exists as a saprophytic multi-cellular mold. 
Once the soil is disturbed, the mold releases spores that are inhaled. In the lungs, the 
fungus is engulfed by macrophages and converts to a uni-cellular parasitic yeast. The 
yeast is able to survive the host defenses within the macrophages and is capable of 
multiplying, lysing, and spreading to other cells throughout the body (Maresca & 
Kobayashi, 1989). It is the yeast morphotype that is the causative agent for infection. 
Conversion from mold to yeast is a requirement for pathogenesis. This conversion can 
easily be accomplished in the laboratory by changing the incubation temperature to 25 
C for the mold morphotype, or 37 C for the yeast morphotype.  
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 Through out the years, research in molecular biology of Hc has involved 
virulence factors, host-parasitic interactions, and molecular mechanisms of dimorphism. 
The main focus has been on identifying and characterizing genes and proteins that are 
required for histoplasmosis. Isolation and characterization of genes that are only 
expressed in the mold morphotype are often overlooked. However, there are several 
reasons why it is important to study mold specific genes; When yeast specific genes are 
up-regulated, mold specific genes are down regulated, and vice versa. Perhaps it is also 
essential to shut off mold specific genes to allow for the yeast morphotype to form. The 
fungus primarily existing in the environment as the mold morphotype, also provides 
another reason of why it is important to study mold specific genes. 
 Hardly any mold specific genes have been extensively studied. One mold 
specific gene, MS8, is required for normal hyphae formation (Tian & Shearer, 2002). A 
genomic shot-gun micro array has identified several other mold specific genes that have 
homologs to closely related species, including FluI, an ortholog of FluG from A. 
nidulans that stimulates the differentiation of mycelia into conidia, and Prp8, which is 
involved in pre-mRNA splicing (Hwang, Hocky –Murray, Bahrami, Andersson, Rine, 
& Sil, 2003).  
 Previous studies of another mold specific gene, M46, has been conducted 
revealing the genomic, mRNA transcript, and protein sequence of the gene 
(Naraharisetty, 2003). Transcription expression analysis across several Hc strains, as 
well as copy number of M46, has also been determined. However, the function of M46 
is unknown. This study attempts to characterize the function of M46 by over expressing 
M46 in the yeast morphotype, allelic replacement of M46 by generating an M46 knock 
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out, and by comparing gene expression of the M46 knockout with the wild type strain 
by using RNA sequencing. If M46 is found to be involved in dimorphism, it could be 
used as a fungicidal target in the environment. 
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CHAPTER   II 
 
BACKGROUND AND LITERATURE REVIEW 
 
Histoplasma capsulatum History 
 
 In December 1905, Samuel Taylor Darling, a pathologist working in a hospital 
in the Panama Canal Zone, had first encountered histoplasmosis while conducting an 
autopsy on a black male whose symptoms resembled tuberculosis. Darling first 
observed intracellular organisms in many tissues. He named the organism Histoplasma 
capsulatum. The term “Histo” derived, due to the organism’s location in histiocytes 
(macrophages). “Plasma,” is derived from the fungus appearance resembling 
protozoans, and “capsulatum,” derived due to the organisms encapsulated appearance 
(Woods, 2002). However, Darlings findings had flaws, Histoplasma capsulatum is not a 
protozoan and does not produce capsules. 
Histoplasmosis Treatment and Diagnosis 
 Histoplasmosis is also referred as Darlings disease, cave disease, Ohio Valley 
Disease, and cytomycosis. Out of thousands of people infected world wide each year, 
95% of infections are asymptomatic or self-limited to immunocompetent persons. 
Immunocompetent persons may develop mild flu-like symptoms including fever, 
headache, and dry cough, that usually resolves in one to two weeks and does not require 
therapy. Severe infections are observed in immunocompromised individuals in which 
the disease may spread to various parts of the body including the bone marrow, liver, 
and spleen. Severe infections require treatment with anti-fungal agents such as 
amphoterecin B, itraconazole, fluconazole, and ketoconazole (Kauffman, 2007).  
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Each of these antibiotics target ergosterol, a sterol that is a component of the fungal cell 
membrane, that is not found in mammalian cells. 
           There are several ways to detect exposure to histoplasmosis. Acute pulmonary 
infections typically produce inactive calcified pulmonary granulomas that are visible 
and detected by x-ray. Skin testing is another diagnostic tool used for detection of 
histoplasmosis, but is not reliable to persons with disseminated infections. A more 
sensitive diagnostic tool for detection of histoplasmosis is radio-immuno assays that can 
detect Histoplasma polysaccharide antigens in urine (Kauffman, 2007). 
Taxonomic classification of Hc 
Kingdom: Fungi 
 
Phylum: Ascomycota 
 
Subphylum: Ascomycotina 
 
Class: Ascomycetes 
 
Order: Ongenales 
 
Family: Ongenacea 
 
Genus: Ajellomyces (Histoplasma) 
 
Species: capsulatum 
 
Mold Morphotype 
            The dimorphic fungus Histoplasma capsulatum exists as a saprophytic 
multicellular mold in the environment and in laboratory cultures at 25 C. Mold growth 
is via hyphae elongated structures that are ~1.2 to 1.5 um in diameter. The hyphae can 
produce exogenous spores that are used to survive harsh conditions and allows for the 
fungus to disperse throughout the environment. The exogenous spores produced by Hc 
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consist of two types of conidia; macroconidia and microconidia. Microconidia are <5 
um in diameter and is the conidia predominately found in infectious tissues. 
Microconidia also has external tubules that can bud to form the pathogenic yeast cells 
(Maresca & Kobayashi, 1989). 
Yeast Morphotype 
             Histoplasma capsulatum in the mammalian host cell exists as parasitic 
unicellular yeast. The yeast cells are oval and are 1.0 to 3.0 um in diameter. The 
parasitic yeast cells can reside intracellularly in macrophages, reticuloendothelium cells, 
and neutrophils, and are able to grow in laboratory cultures at 37 C (Maresca & 
Kobayashi, 1989).  
Reproduction of Mold and Yeast 
            Hc mold cells can reproduce asexually and sexually. Cells reproduce asexually 
by branching of true hyphae or by germination of conidia. Sexually, the mold re-
produce by ascospores. The Hc sexual phase is Ajellomyces capsulatum. Ajellomyces 
capsulatum, is heterothallic with two mating types designated as (+) and (-). It is the (-) 
mating type that is found mostly in patients with histoplasmosis. 
           Yeast cells do not reproduce sexually, but can reproduce asexually by budding or 
by extension of the thallus (the main body part of yeast). Asexual reproduction in yeast 
could also take place by elongation of pseudohyphae, a multicellular structure 
resembling hyphae with constrictions between each cell (Maresca & Kabayashi, 1989).  
Dimorphism 
           There are several factors that are involved in influencing dimorphism in Hc 
including; temperature change, oxidation-reduction potential, changes in CO2 tension, 
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and nutritional factors. In Hc laboratories, temperature change is the method often used 
to convert cells from mold to yeast or from yeast to mold. Another requirement for 
mold to yeast transition is nutritional requirements and re-dox changes.  
           The redox changes consist of S-H (sulfhydryl) containing compounds such as 
cysteine or cystine. Because the yeast cells are unable to produce sulfur-containing 
molecules at 37
o
C, the S-H groups of molecules such as cysteine and cystine may be 
involved in regulation of re-dox-potential that is required for yeast phase. The chemical 
agent, p-chloromercuriphenylsulfonic acid (PCMS) an (S-H oxidizing agent), has been 
found to lock Hc cells in the mold phase independent from temperature. This suggests 
that sulfur metabolism is essential for dimorphism (Medoff et al., 1986). 
Virulence in Histoplama capsulatum 
           In order to develop antifungal agents to treat histoplasmosis, it is important to 
investigate thoroughly the survival of yeast cells within host macrophages, particularly 
after phagosome lysome fusion. Hc has developed several mechanisms to survive 
within host cells. One mechanism involves increasing the pH inside the 
phagolysosomes (Eissenberg, Schlesinger, & Goldman, 1988). When phagolysomes are 
at an acidic pH, hydrolytic enzymes and lysosomal proteases are activated, therefore in 
order for the fungus to survive it must manipulate and increase the pH. The mechanism 
for this procedure is unknown, but studies have shown that phagolysomes containing 
viable Hc yeast cells have a higher pH, compared to phagolysomes containing dead 
yeast cells. 
            Phagocytes from the host also respond to microorganisms by releasing toxic 
oxygen and nitrogen metabolites, such as super- oxide, hydrogen peroxide, singlet 
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oxygen, and hydroxyl radicals, and nitric oxide (Eissenburg & Goldman, 1987). In 
order for Hc to survive these metabolites it produces catalases and oxidases which 
quickly decompose the toxic metabolites to nontoxic products (such as water and O2 by 
catalases). This mechanism defends the cells from oxidative burst that is triggered by 
the host defense.  
            Another host cell defense in overcoming disease is starvation of nutrients such 
as iron and calcium. The fungus overcomes the starvation of iron by ferric reduction, 
producing iron chelators such as siderophores and by releasing iron at low pH from 
transferrin. Acidic pH is a requirement for iron acquisition. However acidic pH is also a 
requirement for activation of host hydrolytic enzymes and proteases. Therefore, it is 
believed that a slightly acidic pH is required for iron acquisition, but not so acidic to 
activate the degradation enzymes of the host cell. More recently, SID1, an enzyme that 
catalyzes the first step in siderophore production, has been studied. A SID1 knock out 
shows poor growth, a decrease in virulence, and loss of siderophore production in cells 
that were grown in minimal iron conditions (Hwang, Mayfield, Rine, & Sil, 2008).  
            Limiting the amount of calcium available, is another host defense that may be 
detrimental to yeast cells. A Hc strategy for survival may be involved in releasing small 
amounts of a protein called Calcium Binding Protein -1 (CBP1) into growth medium. 
CBP1 is believed to bind to calcium so that it can be available for fungal use 
(Batanghari, Deepe, Di Cera, & Goldman, 1998).  
Strains and varients of Histoplasma capsulatum 
           Although H. capsulatum is by far the most common organism within this genus, 
two other variants exist: Histoplasma dubosii (Hd) and Histoplasma farcinimosa (Hf). 
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Histoplasma dubosii is endemic to Africa. It is the causative agent for African 
histoplasmosis. Unlike variant Hc, which is confined to the lungs, Hd is frequently 
found in skin and bones (Loulergue et al., 2007). The disease is characterized by 
ulcerative cutaneous and osteolytic lesions that can disseminate or remain localized in 
the skin or bone. 
            Histoplasma farcinimosa, also known as cryptococcus farciminosa, is typically 
found in horses, donkeys, and mules. However, rare cases in humans have been 
reported. The disease is predominately found in Africa, Italy, and Asia.Transmission 
generally involves flies feasting on open wounds of infected animals and then leaving 
excretions on an open wound of another animal. The disease infects the skin and 
associated lymph vessels and nodes (Ani, 1999). 
           Out of the three variants, Hc is the variant most widely studied, due to its ability 
to infect individuals all across the world. Infections have been found in many countries 
including, South America, Africa, and Australia.  
            The strains that are widely used for Hc laboratory studies are Downs, G186A, 
and G217B (Sil & Hang, 2006). These strains are chosen due to their vast range in 
virulence, they each represent a class from Hc based on restriction fragment length 
polymorphism classification, and each are originated and geographically distributed at 
different locations based on phylogenetic studies. 
            Originally Hc strains were classified into two chemotypes based on cell wall 
composition in the yeast. Chemotype I lacked alpha 1-3 glucan in its cell wall, and 
chemotype II contained large amounts of alpha 1-3 glucan. Strain G217B is an example 
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of chemotype I, and strain G186A is an example of chemotype II (Reiss, 1977; Reiss, 
Miller, Kaplan, & Kaufman,1977).  
            Restriction fragment length polymorphism (RFLP) analysis, which consists of 
comparison of restriction fragments from ribosomal (rDNA) and mitochondria DNA 
(mitDNA) from 20 different isolates, divides Histoplasma capsulatum into three 
classes. Downs is the only strain in class I. Class II is the largest class and contains 
strain G217B. Class III contains strains G186AS, G184AS, G184B, and G186B 
(Vincent et al., 1986). Typing of Hc mitochondrial DNA by combining RFLP with 
using the yeast specific gene YPS3 as a probe, has identified three more classes (Class 
IV,V, and VI).Each class also consists of strains that are similarly geographically 
distributed (Keath, Kobayashi, & Medoff, 1992).   
            More recently, strains have been classified according to phylogenetics via 
relationships of sequences of four genes from 137 different isolates. This classification 
system divides the classes in eight different clades. The clades are: North American 
class 1 (NAm1), North American class 2 (NAm2), Latin American group A (LAm A), 
Latin American group B (LAm B), Australian, Netherlands, Eurasian, and African. 
Downs is a member of clade NAm1, and G217B is a member of clade NAm2 
(Kasuga,White, Koenig, McEwen, & Restrepo 2003). 
Molecular Challenges of Hc 
            Relatively little is known about the molecular biology of Hc. Only recently has 
the genome for the widely used laboratory strains been completely sequenced. The 
Fungal Genome Initiative at the Broad institute (http: www.broad.mit.edu/annotation/fungi/fgi) 
has sequenced strains G217 B, 186AR, and Wu24 (a strain that is closely related to 
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Downs). At Washington University in St. Louis Missouri, the Genome Sequencing 
Center (http://www.genome.wustl.edu.projects/hcapsulatum/) has sequenced strains G217B and 
G186AS (Sil & Hwang, 2006). The complete sequencing of these strains will help pave 
the way in advances of molecular studies including micro-array and RNA sequencing 
studies. 
            Disruption of genes by allelic replacement is quite a challenge for Hc, due to 
sequence re-arrangement, ectopic integration, and spontaneous resistance to 5- fluorotic 
acid, (an agent used to select against uracil prototrophs and for uracil auxotrophy). The 
frequency for allelic replacement has been reported as low as 1/1000 (Woods, 
Retallack, Heinecke, & Goldman, 1998). This means that creating a knock out is 
possible, but rare, and has many possibilities for error. To date there has been very few 
genes knocked out by allelic replacement including: URA5, CBP1, AGS1, AMY1, MS8, 
SIDI and DPPIVA (Cooper & Woods, 2009; Hwang, Mayfield, Rine, & Sil., 2008; 
Marion, Rappleye, Engle, & Goldman., 2006; Rappleye, Engle, & Goldman, 2004; 
Sebghati, Engle, & Goldman., 2000; Tian & Shearer, 2002; Woods, Retallack, 
Heinecke, & Goldman, 1998). M46 and MS95 (unpublished data) have recently been 
knocked out by allelic replacement. 
            RNA interference (RNAi) has been described as a useful tool to study the 
function of genes that are essential for Hc survival. A knock out from such genes would 
not exist because the cell would die. RNA interference is also advantageous because it 
is a quicker process than allelic replacement. The disadvantage is that a knock down of 
a gene may not be enough to cause a loss of function of the gene and RNAi is not a 
permanent state and therefore must be maintained with selection. To date, there have 
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been few Hc genes that have been functionally defined by RNAi including; AGSI, 
UGP1, DRK1, YPS3, RYPI, GCTI, DPPIVA, and DPPIVB (Bohse & Woods, 2007; 
Cooper & Woods, 2009; Marion, Rappleye, Engle, & Goldman, 2006; Nemecek, 
Wuthrich, & Klein, 2006; Nguyen & Sil, 2008; Rappleye, Engle, & Goldman, 2004; 
Zarnowski, Cooper, Brunold, Calaycay, & Woods, 2008). 
            If the gene is a phase specific gene, it may be useful to characterize the function 
of a gene by over expressing the gene in another phase. This could be simply achieved 
by fusing the open reading frame of the gene in frame to a promoter that is functional in 
both yeast and mold morphotypes. An example of such promoter is the Translation 
Elongation Factor 1 (TEF1), developed for this purpose in our laboratory. MS8 is an 
example of a gene that have been studied via over expression (Tian & Shearer, 2002). 
Approaches to Identifying Phase Specific Genes 
            Identifying phase specific genes is essential for designing therapeutic drugs 
targets for histoplasmosis infections, or fungicides for Hc contaminations in the 
environment. There are several ways to identify phase specific genes including; yeast 
and mold subtractive libraries, differential display, and micro-array. 
            A Subtractive library consists of two processes, the subtractive and the 
enrichment process. For the subtractive process, RNA from both the mold and yeast 
phase is extracted and converted to cDNA. The cDNA from one phase is separated and 
ligated to two different known adapters (this is called the tester). The other phase is not 
ligated to an adapter (the driver). The tester and the driver are mixed together, 
denatured, and hybridized several times. For the enrichment phase, which normalizes all 
of the phase specific genes, the known adapters for the tester is used as a primer and the 
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fragment is amplified. Only the genes that have the adapters will amplify and is 
believed to be phase specific. 
            For differential display, RNA from both yeast and mold phases are converted to 
cDNA. The cDNA from both phases is amplified and is subjected to electrophoresis 
side by side on a sequencing gel. The patterns on the gel are compared, and genes that 
are present in one phase but not present in the other phase are excised out of the gel and 
sequenced for identification. 
            For micro array studies, a genomic DNA library is created from both yeast and 
mold phase, and the amplified PCR products from each library clone is sequenced and 
is fixed to a glass slide. A fluorescent labeled phase specific cDNA probe is hybridized 
to the plate. After scanning the array, the color shown represents the phase that is 
expressed. The gene expressed is identified by the previously sequenced PCR fragment. 
Examples of Phase Specific Genes 
            An example of a yeast phase specific gene that has been highly studied is Alpha 
glucan synthase I (AGSI). AGSI catalyzes the linkage of alpha 1-3 glucose molecules 
unto the cell surface. Cells expressing AGSI have a rough surface appearance. AGSI is 
involved in virulence (Marion, Rappleye, Engle, & Goldman, 2006). Virulence of the 
gene is due to its ability to block dectin-1, a beta-glucan receptor that acts in immune 
response recognition. Immunofluorescence studies have shown that alpha 1-3 glucan 
polysaccharide is located above beta 1-3 glucan polysaccharides, and therefore blocks 
dectin-1 from binding, and not allow for immune response recognition to occur from 
this mechanism. Therefore AGSI could be used in the future as a therapeutic drug target, 
but only for patients that are infected with an AGSI expressing strain. 
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           A mold specific gene that has been studied is MS8 (Tian & Shearer, 2002). Over 
expressing MS8 revealed that MS8 is not essential for yeast- mold dimorphism. 
However, an MS8 knockout has revealed that MS8 is involved in normal hyphae 
growth. The knock out strain formed a reddish pigment once plated on solid media. In 
liquid media, the mold cells produced an abnormal zig- zag shape. The hyphae also 
appeared to be 40% shorter and 30% wider then the wild type. Because MS8 is not 
required for dimorphism and is not essential for cell survival, it may not be a successful 
candidate for a therapeutic target. However, further testing of the knock out strain in its 
natural habitat would need to be conducted in order to confirm this. 
Advances in Technology 
RNA sequencing, also referred as digital gene expression, is a high through put 
sequencing method, that is an alternative approach to micro array studies. It allows 
parallel studies of gene expression of an entire transcriptome. This method has made 
improvements in understanding and characterizing transcriptomes. The advantages are 
not limited but includes; accessing transcription site mapping, gene fusion, strand 
specific measurements, alternative splicing, small RNA analysis, post transcription 
modifications, as well as detecting low abundant transcripts, that may not be detected 
by standard micro array analysis (Ozsolak & Milos, 2011). For RNA sequencing, a 
cDNA library is created. The cDNA library is sequenced, and the sequenced reads are 
mapped to a reference genome.   
The three current largest platforms are 454 system from Roche, Illumina/ Solexa 
platform and SOLiD platform from Applied Biosystems (Magalhaes, Finch, & 
Janssens, 2010). The major differences in these platforms are based on their sequencing 
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mechanism, read lengths, number of reads, and time it takes to run an experiment (Liu 
et al., 2010;). This fairly new technology has disadvantages,that could include several 
biases though out the entire procedure. The biases may include template switching from 
reverse transcriptase, (Ozsolak & Milos, 2011) or possibility of many short reads that 
are identical to each other, that could be either representation of the RNA abundance or 
PCR artifacts (Wang, Gerstein, & Snyder, 2009). Improvements of RNA sequencing is 
underway for sequencing repetitive genome regions, which has been troublesome in the 
past, by combining NG- SAM (Sequence assembly aided by mutagenesis by dilution 
and PCR amplification) with RNA sequencing (Sipos, Massingham, Stutz, & Goldman, 
2012). 
After RNA sequencing, it is important to assign the differentially expressed 
genes to their pathways and functions, which is referred to as gene ontology. Several 
software tools are available to BLAST, map, and annotate genes. Blast2 go is one such 
tool, which allows you to annotate genes that are derived from organisms that come 
from non -model species. This software can be used to obtain similar sequences by 
using NCBI QBlast (for multiple sequences). Secondly, to map the genes, according to 
their Gene accessions and BLAST hit gene identifiers. From this, all annotation hits and 
evidence codes can be obtained, and are assigned to the sequence in the third and final 
step, according to an annotation rule. The annotation rule ensures the stringency and 
trustworthiness of the function (Conesa et al., 2005; Conesa & Gotz, 2007; Gotz et al., 
2008; Gotz et al., 2011). The program also allows you to visualize the function of the 
differentially expressed genes, by grouping them according to their cellular component, 
biological process, and molecular function. 
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CHAPTER III 
GENERAL MATERIALS AND METHODOLOGY 
Experimental Strains and Growth Conditions 
 Histoplasma capsulatum Strains  
 
            Histoplasma capsualum strains G186AS, 184AS, and G186AS ura 5- (Wu27)  
were a kind gift from William Goldman from University of North Carolina in Chapel  
Hill, North Carolina. Strain Downs (ATCC 38904) and G217B (ATCC 26032) were  
Histoplasma capsulatum Growth Conditions 
           Histoplasma capulatum strains were grown in Histoplasma Macrophage Media 
(HMM). HMM broth was typically prepared by mixing 25 ml of 2X HMM stock [100 
ml of 2X stock is; 2.14 g of F-12 HAMS powder (Sigma Chemical Co.], 3.64 purchased 
from American Type Culture Collection in Manassas Virginia.g glucose, 0.2 g glutamic 
acid, 2 ml cys stock, 1.2 g HEPES, pH 7.5; filter sterilized) 20 ml of Type 1 H2O was 
added to the broth. The broth was supplemented with 100 ug/ml of uracil, 50 ug/ml of 
ampicillin, and 100 ug/ml of streptomycin, to prevent contamination. For plates, equal 
volumes of 2X HMM broth and 1.5 % w/v agarose were mixed. The HMM broth was 
supplemented with uracil (100 ug/ml) unless it was used for selection for uracil 
prototrophy. To select for hygromycin resistance, hygromycin B was added to a final 
concentration of 150 ug/ml. To select for uracil auxotrophs, 1mg/ml of  5- fluoro-orotic 
acid (5FOA) was added to plates.To prevent bacterial contaminations 50 ug/ml of 
ampicllin and 100 ug/ml of streptomycin were added to HMM broth and plates. 
            The yeast form was grown with gyratory shaking at ~150 rev/min at 37° C to 
mid-log phase .The mold form was grown at gyratory shaking at 100 rev/min at 25 °C. 
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After 7 days, 5 ml of mold culture was inoculated into fresh 100 ml of HMM medium 
and incubated at 25 °C until enough cells were grown for DNA or RNA extraction. 
            Luria Broth (LB), or plates were used for routine experiments for plasmid 
isolations or for transformations into E.coli cells. LB broth was composed of 0.5 g of 
NaCl, 0.5 g yeast extract, 10.0 g of tryptone, and was qs with Type-1 H2O to 1.0 liter. 
For plates, 15.0 g of Bacto agar was add and was supplemented with 50 ug/ml with 
ampicllin for selection and to prevent contamination. 
 E.coli Competent Strains 
            There were two types of competent E.coli strains used for general 
transformations; Max Efficiency Stable 2 competent cells (Invitrogen) and One Shot 
Top10 competent cells (Invitrogen). One Shot Top10 {F
-
mcrA ∆ (mrr-hsdRMS-
mcrBC) ɸ80lacZ∆M15 ∆lacX74 recA1 araD139∆(ara-leu)7697 galU galK rpsL (StrR 
) endA1 nupG }competent cells (Invitrogen) were used for general cloning purposes. 
Max Efficiency Stable 2{{F
- 
mcrA  ∆ (mcrBC-hsdRMS-mrr) recA1 endA1lon gyrA96 
thi supE44  relA1λ-  ∆(lac-proAB) competent cells (Invitrogen) were used for 
transforming plasmids with telomeres. 
 Transformations 
Sub-cloning 
            DNA fragments were either sub-cloned into Topo pCR2.1 (Invitrogen) 3.9 kb, 
or PGEM-T easy vector (Promega) 3.0 kb. Manufacturer’s instructions were used. 
Transformation into E. coli Cells 
 E.coli cells were transformed with plasmid DNA.  Approximately 100 ng of 
DNA sample was gently mixed with 30-50 ul of competent cells and incubated on ice 
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for 30 minutes. The cells were heat shocked at 42 °C for 30 sec and incubated on ice for 
2 min. Two hundred microliters of S.O.C. (2.0 g of bacto tryptone, 0.5 g of bacto yeast 
extract. 0.25 ml of 1M KCL, 1.0 ml 2M Mg, and 1.0 ml  1 Ml Na Cl) was added to the 
plasmid and cells. The cell culture was incubated at 37 °C for 1 hr and then plated on 
the specified agar plates. The plates were incubated at 37 °C for overnight. 
Transformation into Hc Cell 
 In order to electroporate DNA into Hc cells, the DNA must be incorporated into 
a telomeric vector such as pRPUI, or pRPUTI. The vector must be in a linearized form 
to expose the telemetric repeats. To linearize the telomeric vectors, restriction enzymes 
Pme1 or PacI, were used to remove the tetracycline resistance marker and expose the 
telemetric repeats. The DNA was separated and observed by electrophoresis. The 
linearized vector was electroporated into Hc cells. Hc cells were prepared for 
electroporation by using the following procedure; Hc yeast cells were grown to mid-log 
phase (for yeast cells, mid log phase is reached between a reading of 200-300 with a 
Klett-Summerson photoelectric colorimeter with a 640 nm filter).  Five ml of cells were 
centrifuged at 300 xg for 5 min. Cells were washed with 5 ml of 10% w/v mannitol and 
centrifuged for 5 min. The pellet was re-suspended in 200 ul of 10% mannitol and the 
mixture was transferred to a 0.2 cm electroporation cuvette (Biorad). Approximately 
100 ng of linearized plasmid was added to the cuvette and mixed thoroughly. The 
cuvette was then placed into an electroporator, Gene Pulser X cell, (Bio-Rad). The cells 
were electroporated under the following conditions; 750 V, 71 uF, and 150 W, and 
plated on HMM plates without uracil. The plates were placed in an incubation chamber 
and incubated at 37 °C. 
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RNA, DNA, and Protein Purifications 
Total RNA Extraction 
            For RNA extractions, cells were grown at mid-log phase (200-300 klett). Ten ml 
of yeast cells were centrifuged for 5 min at 3,000 x g. Cells were washed with 5 ml of 
cold water, and re-suspended in 1.0 ml of cold water and transferred to a fresh 1.5 ml 
micro centrifuge tube. For mold cells, 10 ml of mold cells and 10 ml of cold water were 
filtered through a vacuum onto a 25 mm diameter, 0.45 millipore filter. The mold was 
scraped off of the filter paper with a sterile rubber spatula, and was placed in a 1.5 ml 
micro centrifuge tube. To the tube, 300 ul of 0.5 mm glass beads, 400 ul of P: C (acid 
phenol (ph 4.5): chloroform 5:1) and 400 ul of RNA extraction buffer (0.1M Na acetate, 
0.2 M NaCl, pH 5, 0.2% SDS) was added. The cells were broken by vortexing on 
maximum power with a “ Vortex Genie” for 1 min and placed on ice for 5 min. The 
sample was centrifuged for 5 minutes at 10,000 x g. The supernatant was next 
transferred to a fresh 1.5 micro centrifuge tube containing 1ml of cold ethanol. The 
sample was centrifuged for 5 minutes at 10,000 x g. All liquid was removed by a pipet 
and the pellet was briefly air-dried and then dissolved with 50 ul of water. 
Genomic DNA Extraction 
 Hc yeast cells were grown to mid-log phase. Approximately 0.5 ml of yeast cells 
were centrifuged at 3,000 x g or 5 min. Cells were washed in 35 ml of cold water and 
centrifuged at 3,000 x g again. The pellet was re-suspended in 6.0 ml of DNA extraction 
buffer (100 mM Tris ph 8.0, 10mM EDTA, 250 mM NaCl), 6.0 ml of basic phenol (ph 
6.8): chloroform (5:1), and 800 ul of 0.45 mM of acid –washed glass beads. The sample 
was vortexed on maximum speed on a “Vortex Genie” for 1 min and then incubated on 
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ice for 5 min. The mixture was centrifuged at 10,000 x g for 10 min. The supernatant 
was transferred to a clean tube and 30 ul of 5 mg/ml of RNASE A was added to the 
samples. The samples were next incubated at 37° C for 1 hr and then extracted with 
equal volumes of phenol: chloroform 5:1. The samples were centrifuged at 10,000 x g 
for 10 min at 4 °C. The supernatant was transferred to a fresh tube and 2 volumes of 
ethanol was added to the tube. Next, the sample was centrifuged again at 10,000 x g for 
10 min at 4° C. The pellet was air dried briefly and dissolved with 50 ul of water. 
Plasmid Isolation and DNA Purification 
            Plasmid isolation was conducted by Zyppy Plasmid Miniprep I kit (Zymo 
Research). DNA was purified by Zymo Clean Gel DNA Recovery kit (Zymo Research). 
Manufacturer’s instructions were followed. 
Nucleic acid Quantification 
 All nucleic acid quantification was conducted by using Nanodrop ND-1000  
 
spectrophotometer. Manufacturer’s instructions were followed. 
Genetic Manipulation Procedures 
Restriction Digest 
            All restriction digests were conducted by using buffers and enzymes from New 
England Biolabs. Manufacturer’s instructions were followed. 
Polymerase Chain Reaction Standard (PCR) 
            The standard PCR reactions were set up with a volume of 25 ul. The following 
components and concentrations were in each PCR reaction unless other wised specified; 
> 50 ng of DNA template, 1X PCR buffer, 0.2mM dNTP, 0.2uM Fwd primer, 0.2uM 
Rev primer, polymerase with a stock concentration of 50 X and water was added to the 
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mixture to yield a final volume of 25 ul. The MJ Research or Amplitron thermocylers 
were used to do general PCR reactions. The cycling parameters used were as follows; 
95 °C for 10 sec for denaturing, 55-68 °C for 30 sec for annealing of primers, and 68-
72° C for 1min/kb of DNA fragment for elongation. The cycles were repeated 30 times 
unless otherwise indicated. 
Polymerase Chain Reaction (Modified for Fusion PCR) 
            To fuse two or more DNA fragments together, each desired fragment for the 
fusion was first amplified separately by standard PCR as described above. For fusion 
PCR, the standard PCR procedure was modified. The denaturing step was set at 95 °C 
for 20 sec. A temperature gradient was set for the annealing temperature for 2 min. The 
elongation step was set at 68 °C for 1 min/ kb for fragment. The cycles were only 
repeated 10-12 times. The elongation step was extended for an additional ten minutes 
after the completion of cycles 10 or 12. After completion of amplification, 0.5-1.0 ul of 
the PCR reaction was used as a template for the second PCR reaction. Nested primers 
were added to the PCR mixture. The second PCR reaction was conducted by standard 
procedures as described earlier, with the addition of a temperature gradient for the 
annealing temperature. The product was next viewed by electrophoresis on a 0.7% 
agarose gel. The primers generated for fusion of DNA fragments consisted of a standard 
forward and reverse primer, nested forward and reverse primers, and primers linking the 
two fragments together by adding ~20 additional nucleotides homologous to the 
adjacent fragment. 
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Electrophoresis 
           The quality of DNA or RNA was observed by using agarose gel electrophoresis. 
The apparatus used was Gel XL Ultra (Labnet) Model EO145. For routine usage, 0.7% 
agarose gels were made with 1X Tris acetate buffer (1X TAE)  pH 7.6 (48.8g/L Tris 
base, 11.4 ml/ L glacial acetic acid, 20 ml/L 0.5 M Na EDTA) and supplemented with 
ethidium bromide . The gel was electrophoresed at 100 volts until the bromophenol blue 
tracking dye reached the desired distance from the wells. The gel was removed from the 
apparatus and pictures were taken by using Kodak EDAS 290. 
Radiolabeling DNA Probes 
            Purified DNA fragments from the gene of interest were labeled with 
32
P dATP 
using DECA primer II kit (Ambion). Manufacturer’s instructions were followed. 
Northern Blot Analysis of M46 
            Approximately 10 ug of RNA of mold and yeast from each strain were loaded 
on a 1.2% agarose gel composed of 1X MOPS buffer (Ameresco). The samples were 
prepared by adding 1% of 10X MOPS , 6.5% of formaldehyde, 50% deionized 
formanide, and 1ul of 1mg/ml ethidium bromide. The samples were heated at 55° C for 
15 minutes and placed on ice for 5 min. 1/5 volume of loading buffer was added to the 
sample. The gel was electrophoresed in 1X MOPS buffer at 5 v/cm. The RNA was 
transferred onto a Hybond N, Amersham nylon membrane or Millipore NY + 
membrane, with 20X SSC (3 M NaCl, 0.3 M Na citrate, pH to 7.0) by using a turbo 
blotter (Schleincher and Schuell). The apparatus was set up according to the 
manufacturer’s instructions. After 2 hrs, the RNA was cross linked to the membrane by 
drying the membrane at 80 
o
C for 20 min, and cross linking the RNA, by exposing the 
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membrane to UV light (254 nm) to a dosage of 120 mJ/cm
2
 for 15 minutes. The 
membrane was pre-hybridized in an equal volume of 1M Na2HPO4 and 1M NaH2PO4, 
20 % w/v SDS and 5 ml of Type 1 H2O. A denatured radio labeled probe was added to 
the pre-hybridization solution and was hybridized at 65 °C for overnight. The 
membrane was washed once with 2X SSC and 1 % w/v SDS for 15 min at 65 
o
C, and 
twice with 0.1% SSC and 0.1% w/v SDS for 15 min at 65 
o
C. The blots were wrapped 
in suran wrap until further use. 
Southern Blot Analysis  
            Southern blot analysis was conducted by cutting 10 ug of gDNA from the 
indicated strain with a restriction enzyme (NEB). The samples were subjected to 
electrophoresis and loaded onto a 0.7% agarose gel. The gel was processed for 
depurination, denaturation, and neutralization as described by Millipore for NY+ 
nitrocellulose membrane. Briefly, the gel was depurinated for 15 min in 0.25 N HCl and 
rinsed briefly in H2O. The gel was denatured for 30 min in 0.5 N NaOH, 1.5 M NaCl, 
and rinsed briefly in H20, and was neutralized for 30 min, in 1 M Tris HCl pH8, 1.5 M 
NaCl. The gel was transferred onto a nitrocellulose NY+ membrane (Millipore) for 
overnight in 20X SSC, and then processed as previous described for northern blot 
analysis. 
Re-probing Blots 
            The blots were stripped by adding boiling 0.1% w/v SDS to the blot 6-8 times. 
The probe/ pre-hybridization solution was boiled for 5 min and then hybridized to the 
blot at 65
o
 C for overnight. Washes of the blot proceeded as mentioned previously. 
 
24 
 
Autoradiography 
            The northern blots and Southern blots were analyzed by using a Typhoon 9400 
Imager (molecular dynamics; part of Amersham Pharmacia Biotech). When using the 
Typhoon Imager manufacturer’s instructions were followed. 
Microscopy 
Scanning Electron Microscopy  
Yeast or mold strains were washed 3 times with 1X PBS (137 mM NaCl, 2.7 
mM KCL, 4.3 mM Na2 HPO4, 1.4 mM KH2 PO4 (pH 7.3). Cells were incubated in 2.5% 
(v/v) gluteraldehyde for 1 hour and then washed 3 times with 1X PBS (pH 8). Fifteen 
microliters of cells were placed on a glass slide coated with chrome aluminum. Cells 
were dehydrated immediately with a dilution series of ethanol from (25% -100%  
(v/v))for 5 min each and then with 100% (v/v) ethanol for 5, 10, and 15 min followed 
by critical point drying. After critical point drying, samples were sputter coated with 15 
nm of platinum by using an EMS 150T ES Sputter Coater. Images were taken on a 
JEOL 6500 F scanning electron microscope. 
Transmission Electron Microscopy 
Cells were fixed in 2.5% (v/v) gluteraldehyde overnight.  Cells were washed in 
0.1 M Na cacodylate (Na(CH3)2 AsO2) buffer (ph 7.0), and post fixed in 1% osmium 
textroxide in 0.1 M cacodylate buffer (ph 7.0). Samples were rinsed in distilled water 
and then dehydrated in an ethanol series (50 - 95% (v/v)) for 5 min each followed by 5, 
10, 15, min in 100% ethanol and 5, 10, 15 min in acetone. Samples were infiltrated and 
cured in ERL 4221 (Spurr’s) epoxy resin @ 70oC for 36 hours. Ultra thin sections were 
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taken with a diamond knife, and stained in uranyl acetate and in lead citrate, and viewed 
by using a Zeiss 900 transmission electron microscope. 
RNA Sequencing 
 
RNA Sequencing 
  
Total RNA from the Hc M46 knock out and Wu27 wild type strain was sent to 
Otogenetics Corporation (Norcross, GA USA) for RNA sequencing assays. Briefly, a 
quality control assay to assess the integrity and purity of the total RNA was conducted 
by using Agilent Bioanalyzer and OD260/280. One hundred nanograms of total RNA 
was used to generate 1-2 ug of cDNA by using Clontech Smart PCR cDNA kit 
(Clontech Laboratories). The cDNA was fragmented using Covaris (Covaris), profiled 
using Agilent Bioanalyzer, and then subjected to Illumina library preparation by using 
NEB Next reagents (New England Biolabs). An Agilent Bioanalyzer 2100 was used to 
view the quality and size distribution of the illumina libraries. The libraries were 
subjected to Illuma Hiseq2000 sequencing according to the standard operation. Paired- 
end 90-100 nucleotide reads were generated and checked for data quality using 
FASTQC (Babraham Institute). Data analysis of the reads was conducted by using the 
platform provided by Center for Biotechnology and Computational Biology, as 
previously described in Nature protocols .Parallel analysis of the two strains was 
conducted. The genes were mapped by using strain 186AR as the reference genome 
from The Fungal Genome Initiative at The Broad Institute Histoplasma capsulatum 
database: (http://www.broad.mit.edu/annotation/fungi/fgi ). 
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Scatter Plots of Gene Expression Level 
Gene expression level plots between M46 knock out and wild type samples were  
 
generated by Otogenetics Corporation, in Norcross, Georgia by using a self-generated  
 
R-script that was derived from R-Development Core Team (2009). R: A language and  
 
environment for statistical computing. R Foundation for Statistical Computing, Vienna,  
 
Austria. ISBN 3-900051-07-0, at http:// www. R-project.org. Expression levels were  
 
measured with FPKM (fragments count per kilobases of exon length per million reads  
 
mapped to all exons). 
Ontology Analysis 
Blast2go® Software for Biologists, computer software program was used for the 
complete ontology analysis which includes; blasting, mapping, annotation, and 
visualization of results. BLAST searches was conducted by using Qblast from NCBI 
(http:www.ncbi.nlm.nih.gov/BLAST). Blastx search was conducted against the non-
redundant reference protein database. Mapping and annotation was conducted according 
to manufacturer’s instruction. A summary of the highest results from each ontology 
level was represented by bar graphs, results from the highest number of sequences 
represented are shown. 
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CHAPTER IV 
CHARACTERIZATION OF M46 
 
The mold specific gene M46 was previously isolated in our lab by Vani 
Naraharisetty via a subtractive library that was enriched for genes that were expressed 
in the mycelial phase. The gene was verified as a mold specific gene by northern and 
southern blot analysis (Naraharissety, 2003). 
According to Naraharisetty, M46 has two exons and one intron as shown in 
figure 1.  The first exon encodes for the entire open reading frame. The intron is 92 bp. 
The second exon contains the poly A tail signal. To confirm the genomic sequence of 
M46, a 1.0 kb region of M46 was amplified and cloned into plasmid pCR2.1 and 
sequenced. 
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                    -204 CAGGAAGGCAAAGAGGACGGAACAGGACAGACAGGAGCAAAGACACCAAC 
                    -154 AATGCCTATATAAACCACTTCCTGCCCCGGAGAAGGGCGGAAAAGGGACC 
                    -104 TCCCAAACAGTCCACCAGTCTATCCCACTTCCCTCTCAAGAAGTGATAAA 
                     -54 ATCCAGTCTTTGTCTGCAAACCAACTACTTTCCCATTCAAACCAAACCTC 
                      -4 CACA ATG AAG TTC AGC ATC GTC AAC GTC CTT GTT TCC 
                    M   K   F   S   I   V   N   V   L   V   S     11 
                      
                      34 GGC CTC CTA CTC GCT GCT GCC AGC GTG GAC GCC TGT 
               G   L   L   L   A   A   A   S   V   D   A   C      23 
               
                      70 CAA TGT AAA GTA GGC AGC AGA CAG GGT CAA TAC TGC 
               Q   C   K   V   G   S   R   Q   G   Q   Y   C      35 
                
                     106 GGC CAC TGC GAG GCA GTT CTC GTT ACC CCC GAT TTT 
               G   H   C   E   A   V   L   V   T   P   D   F      47 
  
                     142 GTC TAT GAC CAT GTG TAC GAA TGC AAC CCC AGC GGC 
               V   Y   D   H   V   Y   E   C   N   P   S   G      59 
 
                     178 GGG TGC TTC GAC TAT GGC GAA CGC AAT GAT TGC AAG 
               G   C   F   D   Y   G   E   R   N   D   C   K      71 
 
                     214 CAG AGC AAT AAC CCT TGC CCA TTT TGA AGCGGTGTGTTGTA 
                          Q   S   N   N   P   C   P   F   *                  79               
 
                     255 GATTTTCTTTTTCGACATCACTTATCCGTCTTGAAGGGCGTAAGGAACAC 
                     305 GGTTCAGGATGGCTAACAATTGTGATCTCATAG(ATTGTCTATAGCCAAG 
                     354 GCTTGTAACTCGCAGTTTCCTAGATGGATTGAAACGGACGGGATGGCTTG 
                     404 GCATTTGTGGGAGAGGTATAGAGTTTGTAGGAGAATATAGGAGAATTTC 
                     454 GGCCACTGAAGGGCCAGTTAGTTGATAGTTGACAGTTGAACCTCGGGCG 
                     504 ATAGATTCATATTTTTCTTTTAACCGAGACTTTATCAGTTGATGTTTTA 
                     554 GGCTTAGAGGGACAATGTTTATTGGTATCGAAAGAGGATGGAAGTCCTA 
                     604 AGTAATCATGGTTAAATCAAAATGTCATCCTATTCTATTGC)CCAATGGC 
                     654 GGCCCATTATTCTATCCGAGTCTCATCCATCATCCGAAGGCATCGACGTA 
 
 
Figure 1. M46 genomic and putative protein sequence. Genbank accession no 
AYO49032 and AAL12252. Numbers on the left corresponds to the nucleotides, and  
number on the right, amino acids. Putative TA rich region and the transcriptional start  
sites are underlined. The gene has a 92 bp intron (underlined and in bold): GT, AG and 
 GCTAA C mark the beginning, end, and branching signal of the intron (italicized and 
underlined). Putative exon 1 encodes for the entire reading frame, Exon 2 (enclosed in 
parenthesis) provided the polyadenylation site. The putative protein has 79 amino acids. 
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M46 is a Single Copy Gene 
Naraharissetty, has shown via Southern blot analysis that M46 is a single copy 
gene. A Southern blot was repeated to confirm the previous results. This data, Figure 2, 
is consistent with the hypothesis that M46 is a single copy gene. Genomic DNA from 
strain G186AS was digested with four 6 base pair recognition restriction enzymes 
(NEB), the samples were subjected to electrophoresis, and transferred to a nitrocellulose 
membrane.  The blot was labeled to a p
32
 radio-labeled probe consisting of a 0.7 kb 
fragment that contains the M46 open reading frame. The probe hybridized to a single 
fragment on each lane, suggesting that M46 is a single copy gene. 
 
 
Figure 2. Genomic copy number of M46. Genomic DNA from strain G186AS was cut 
with various restriction enzymes (NEB) and subjected to Southern blot analysis. The 
blot was probed with a 700 bp gDNA radio labeled P
32
 fragment containing the M46 
open reading frame.  
 
 
 
 
                     1     2     3     4     5    6 
 
 
 
 
Lane 1: 1kb ladder 
Lane 2: Uncut gDNA 
Lane 3: BsmI 
Lane 4: EcoRI 
Lane 5: XbaI 
Lane 6: EcoRV 
                                                           
            (kb)                       
             8.0 
             6.0 
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M46 is Differentially Expressed in Four Hc Strains 
A northern blot analysis of M46 was conducted to verify differential  
expression of M46 in the four major Hc strains, which was previously conducted by 
Naraharisetty. The blot was probed with a gDNA P
32
 radio labeled fragment of the M46 
ORF, and stripped and re-probed with the 18s rDNA. The northern blot shows un-
detectable levels of expression in the yeast phase of all four Hc strains (see Figure 3). 
The northern blot also shows expression in the mold phase in strains 186AS and 
Downs, and undetectable levels of expression in strains G184AS and G217B mold. The 
blot was stripped and re-probed with the 18s rDNA as a control, to ensure that 
expression levels was not due to RNA degradation or loading artifacts.                         
                                    G184AS          G186AS        G217B         DOWNS 
                                    M       Y         M         Y       M       Y        M        YG184AS    G  
 1   
 
                       M46 
  
   
             18S rDNA 
 
 
Figure 3. Northern blot analysis of M46 expression in four Hc major strains. Northern 
blot was conducted with 10 ug of total RNA from mold (M) and yeast (Y) from four Hc 
strains. Blot was probed with  
32
 P gDNA of M46 (top panel) containing the ORF and 
stripped and re-probed with  the 18S rDNA as a control (bottom panel). 
 
According to NCBI Genbank Protein BLAST search, www.ncbi.nlm.nih.gov, 
M46 has low sequence similarities that are found in several soil fungi. A few examples 
of these fungi are; Trichoderma atroviridem ,Chaetomium globosum ,and 
Myceliophthora thermophila. (See Table 1). 
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Table 1 
NCBI BLAST Homologs of M46 
 
 
                                                         
 
                                                                                                                                                    
 
 
 
 
Organism          Assession 
Number 
Max/ 
Total  
Score 
Query 
Cover 
E value Max identity 
 
       
 Ajellomyces 
 capsulatus 
 
 
 
AAL12252.1 
 
 
165.0 
 
 
97 % 
 
 
3e-51 
 
 
100 % 
 Ajellomyces 
 dermatitidis 
 
XP002628631 137.0 97 % 2e-40   77% 
 Ajellomyces 
 capsulatus 
    (H143) 
 
EER42420.1 108.0 71 % 7e-29    90% 
 Ajellomyces 
 capsulatus 
   (186AR) 
 
EEHO8450.1 108.0 64 % 8e-29 100% 
 Ajellomyces 
 capsulatus 
      (H88) 
 
EGC43485.1 108.0 64% 8e-29 100% 
 Trichoderma 
    atrovirde 
 
EHK4730.1  51.2 67% 8e-07  43% 
 Trichoderma 
     Virens 
EHK21231.1  50.8 59% 1e-06 45% 
 
 Trichoderma  
      reesei 
 
 Chaetomium  
    globosum 
 
 Myceliopthora 
   thermophilia 
 
EGR52483.1 
 
 
XP 001228557.1 
 
 
XP 003667371.1 
 
 50.4 
 
 
 50.4 
   
 
 50.4    
 
59% 
 
 
80% 
 
 
82% 
 
1e-06 
 
 
2e-06          
 
 
2e-06 
 
45% 
 
 
40% 
 
 
42% 
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CHAPTER V 
OVER EXPRESSION OF M46 IN YEAST 
                       Construction of M46 Over Expression Vector 
In order to over express M46 in the yeast phase, the 200 bp ORF fragment of 
M46 was amplified via PCR. The TEF1 (Translation Elongation Factor 1) promoter was 
also amplified via PCR from plasmid pRPUT1. Primers were designed to fuse the TEF1 
promoter in frame with the M46 open reading frame. The fragment was sub-cloned into 
the multiple cloning site of the vector, pCR2.1 (Invitrogen), generating pMOE. In order 
to electroporate the plasmid into Hc cells, the plasmid was converted to a telomeric 
vector, by using the restriction enzyme PVUII (NEB), to excise a fragment from the 
vector pRPU1, that contains the PaURA5 marker, a tetracycline antibiotic resistant 
marker, and telomeric repeats. This generated the construct pDCMO1 (see Figure 4). 
The plasmid was cut with restriction enzyme PacI (NEB) to expose the telomeric 
repeats, and then electroporated into the strain 186AS ura- (Wu27). 
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Figure 4. Over expression plasmid of M46. The TEF1 promoter was fused in frame to 
the M46 ORF and sub-cloned into the pCR2.1 (Invitrogen) multiple cloning site. The 
PaURA5-tel tet fragment from pRPU1was ligated into the APAI site. 
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Confirmation of M46 Over Expression in Yeast 
             Northern blot was conducted as previously described, but with RNA from yeast 
and mold phases from strain 186AS ura- (Wu27), that is not harboring the trans gene, 
and from two clones over expressing M46 in the yeast phase. The blot was probed with 
a P
32
 labeled fragment containing the M46 ORF and then stripped and re-probed with 
the 18s rDNA as a control (see Figure 5).  
                                                 NORMAL        OVER 
                                                  M        Y        Y1      Y2 
 
                                              
                                               
Figure 5. Northern blot of M46 over expression in the yeast phase. Normal expression 
of M46 from mold (M) and yeast (Y) from strain 186 ura- (Wu27), and M46 over 
expressed in yeast clones 1 and 2 (Y1,Y2). Blot was probed with a P
32
 radio labeled 
gDNA fragment of the M46 ORF. The blot was stripped and re-probed with the18s 
rDNA as a control. 
 
Phenotype of Over Expression in Yeast 
 
The phenotype of cells over expressing M46 was compared to the normal yeast 
cells that do not express M46, by observation of cells grown at 37
o
C (yeast phase 
growing temperature) in HMM liquid (see Figure 6) and solid media (see Figure 7). 
 
 
 
      M46 
    18s rDNA 
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                                        Y                                 Y1                               Y2 
 
Figure 6. M46 over expression in yeast grown in liquid HMM media. Y: Yeast cells not 
expressing M46. Y1: Clone 1 of M46 over expressed in yeast. Y2: Clone 2 of M46 over 
expressed in yeast. Images were taken with the Confocal 150 (Zeiss) microscope at 
63X.                   
 
                                                   
                                                        Y               Y1              Y2  
 
Figure 7. M46 over expression in yeast grown on HMM solid media. Y: Yeast cells not 
expressing M46. Y1: Clone 1 of M46 over expressed in yeast. Y2: Clone 2 of M46 over 
expressed in yeast. Images were taken with a Canon EOS 20D camera. 
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CHAPTER V 
                               GENOMIC DISRUPTION OF M46 
M46 Knock out Construct 
            A 4.8 kb genomic DNA fragment containing M46 and the 5’ and 3’ flanking 
region, was amplified via PCR using primers M46 pf1 and M46 pr1. The fragment was 
designed to have XbaI sites at the 5’ and 3’ ends. The fragment was sub-cloned into 
PGEMT easy (Promega) to generate pM46 g.  Approximately 69% of the M46 open 
reading frame was deleted by using the restriction enzymes EcoNI and BsmI (NEB). 
The ORF was replaced with a hygromycin (3.1 kb) antibiotic resistant marker from 
pGX2, to generate pM46g::hph.  In order to remove the fragment, the plasmid was cut 
with the restriction enzyme XbaI (NEB). The fragment was inserted into an MscI 
restriction site in the telomeric vector pRPU1, creating the knock out construct 
pUM46g::hph (Figure 8). 
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Figure 8.  Construction of replacement plasmid pUDCg::hph. A 4.8 kb region of M46 
was amplified and ligated into pCR2.1 (Invitrogen).  69% of the M46 ORF was deleted 
and replaced with the hygromycin antibiotic resistant marker (Hph). The fragment was 
cut with XbaI and ligated into the MscI site of the telomeric vector pRPU1, generating 
pUM46g:::hph. 
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M46 Knockout Transformation with Positive /Negative Selection 
            The M46 knock out construct was linearized by using the restriction enzyme 
PmeI to remove the tetracycline antibiotic resistance marker, and to expose the 
telomeric repeats. The plasmid was electroporated into the M46 expressing strain 186 
ura- (Wu27). The cells were plated on HMM plates without uracil at 37
o
 C for uracil 
selection.  At about 14 days, 9 colonies were streaked onto another HMM plate without 
uracil, and incubated at 37
o
 C for 7 days.  Next, the streaked cells were inoculated into 
1.0 ml of HMM broth without uracil, in a 15 ml screw-capped tubes that was poked 
with a 20 gauge needle. The tubes were incubated on a roller drum continuously at 37 
o
 
C to allow for homologous recombination to occur (see Figure 9).  After 7 days, 200 ul 
of the cells were plated on positive/negative selection plates which consisted of HMM, 
uracil, 5- FOA, and hygromycin.  The plates were incubated at 37 
o
 C for two weeks. 
The colonies were streaked onto a fresh positive/negative selection plate and DNA was 
extracted from the colony, as previously described for genomic DNA extraction for 
screening purposes. 
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Figure 9. The genomic replacement map of M46. A 4.8kb fragment of M46 was 
amplified by PCR and cut with restriction enzymes EcoNI and BsmI to delete 69% of 
the ORF. This fragment was replaced with the hygromycin antibiotic resistant marker 
 
Confirmation of M46 Knock out 
Confirmation of M46 Knock out via PCR 
          Primers (M46 pf2 and M46 pr2) were designed to amplify 500 bp upstream and 
down stream the chromosome region and not the vector. PCR was conducted as 
previously described and by using gDNA from wild type 186AS ura- (Wu27) strain and 
the putative M46 knock out strain (see Figure 10).  A prospective knockout would yield 
a size of 8.1kb, and wild type would yield a size of 6.0 kb. The sample in lane 3 may be 
a potential M46 knock out. 
 
 
 
 
 
 
 
 
 
  
                     
                    
    
Native locus 
 
 
 
 
 
 
Mutant locus 
                           
M46 
 
                      EcoNI              BsmI               
0.7 kb 
                                                                                                                     
 
           
 
                                                         4.8 kb genomic PCR product 
 
              M46 pf1 
                                                          6.0 kb genomic PCR product  
            
 
 
     
            
          left flanking region 2.0 kb                                             right flanking region 2.6 kb          
  
 
 
 
 
 
          
 
 
    Hph  (3.1 kb) 
M46 pr1 
M46 pf2 
 
 
M46 pr2 
Left  flanking region 2.0 kb                                                       Right flanking region 2.6 kb  
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                                  1    2   3   4   5    
                                             
                               
Figure10. Confirmation of M46 knock out via PCR. Primers were designed to amplify 
regions of the chromosome and not the vector. An M46 knock out product size should 
yield 8.1 kb and wild type size should yield 6.0 kb.  
 
Confirmation of M46 Knock out via Southern Blot  
             
 Confirmation of the M46 knock out was conducted by Southern blot analysis  
 
(see Figure 11). Aproximately, 10 ug of genomic DNA from M46 knock out and 186  
 
ura- (Wu27) wild type strain was cut with various restriction enzymes (NEB) such as;  
 
XbaI, EcorV, EcorI, and BsmI.  The blot was first probed with a 700 bp fragment of  
 
M46 (that contains 69% of the ORF). The same blot was stripped and re-probed with  
 
the hygromycin antibiotic resistant marker (Hph) (3.1kb).         
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Lane 1: 1kb ladder 
Lane 2: Wild type 
Lane 3: M46 knock out 
Lane 4: Wild type 
Lane 5: Wild type 
kb 
8.0 
6.0 
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                           M46 probe                                Hph  probe 
 
                           
                  WT                 KO                       WT                     KO 
 
Figure11. Confirmation of M46 knock out via Southern blot analysis. Genomic DNA 
from the M46 knock out (KO) and 186 ura- (Wu27) wild type (WT) strain was digested 
with XbaI and EcoRV. Blot was probed with a radio labeled P
32
 700 bp fragment 
containing the M46 ORF (left) and stripped and re-probed with the hygromycin 
antibiotic resistant marker (right). 
 
Confirmation of M46 Knock out via Northern Blot Analysis 
            Northern blot was conducted as previously described, but with total RNA from 
yeast and mold phases from the M46 knock out and wild type strain. The blot was 
probed with a P
32
 labeled fragment containing the M46 ORF and then stripped and re-
probed with the 18s rDNA as a control (see Figure 1). 
                                                    WT             KO 
                                                M      Y       M      Y 
 
                                             
                                             
Figure 12. Confirmation of M46 knock out via northern blot analysis. Ten ug of total 
RNA was extracted from M46 knock out (KO) and 186 ura- (Wu27) wild type (WT) 
strain. Blot was probed with P 
32
 with the M46 open reading frame (top) and then 
stripped and re- probed with 18s rDNA as a control. 
  
 
 
 
 
             M46 
 
  
    18s rDNA
Kb 
 
8.0  
 
 
 
 
 
4.0 
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M46 Knock Out Phenotype Analysis 
 
 The M46 knock out and wild type strains were grown in 50 ml ofHMM broth, 
and incubated at 37 
o
 C for the yeast morphotype, and 25
o
 C for the mold morphotype. 
The phenotype of the cells were observed at 63 X by using the Confocal 150 (Zeiss) 
scope (see Figure 13). Ten microliters of yeast cells were applied to a microscope slide 
(Fischer). The cells were not counted to obtain the same amount of cells on each slide. 
Therfore, the images for the yeast cells do not reflect the amount of cells that are 
present in the culture. 
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Figure13.  Phenotype of M46 knock out and wild type in liquid media. Top row: cells 
were grown at 37
o
C for yeast morphology. Bottom row: cells were grown at 25
o
C for 
mold morphology. Wild type images are on the left and M46 knock out images are on 
the right. Images were taken with Confocal 150 (Zeiss) microscope at 63 X. 
       
            To examine the morphotype of the cells grown on solid media, both the M46 
knock out and wild type strains were streaked unto an HMM plate supplemented with 
uracil and amp/strep. The cells were first grown as yeast at 37
o
 C for 7 days and then 
shifted to mold, by incubating the cells at 25
o
 C for 7 days. A picture was taken by 
using the Canon EOS 20 D microscope (see Figure 14). 
 
                 WT                            M46 KO 
Yeast 
 
 
 
 
 
 
 
 
 
 
 
 
 
Mold 
 
 
 
        Yeast     
 
 
44 
 
                                            WT                                            M46 KO 
                                 
                               
Figure14. Phenotype of M46 knock out and wild type on solid media. Top row: cells 
were grown at 37
o 
C for yeast morphology. Bottom row: cells are grown at 25
o
 C for 
mold morphology. Wild type is on the left and M46 knock out is shown on the right. 
Images were taken with a Canon EOS 20 D camera. 
 
Observation of M46 Knockout vs Wildtype Cell Surface via SEM 
 
            To observe any differences along the surface of the M46 knock out and wild 
type strain, scanning electron microscopy (SEM) was conducted for both yeast and 
mold samples (see Figures 15-16). The cells were sputtered in 15 nm of platinum. 
Images were viewed under a JEOL 6500 F Scanning electron microscope. 
 
 
 
 
 
 
 
  
  
 
 
 
 
Yeast 
 
 
 
 
 
 
 
 
Mold 
 
 
Mold 
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Micrograph knockout and wild ty 
 
 
 
 
 
Figure 15. Phenotype of M46 knock out and wild type yeast using SEM. Left: image 
of 186 ura- (Wu27) wild type strain. Right: Image of M46 knockout strain. Cells were  
sputtered with 15nm of platinum. Images were taken at 40,000 X, Bar 100 nm. 
strain yeast. Images were taken from a ___ scanning elec 
 
  
Figure 16. Phenotype of M46 knock out and wild type mold using SEM. Left: image 
of 186 ura- (Wu27) wild type strain. Right: Image of M46 knockout strain. Cells were  
sputtered with 15nm of platinum. Images were taken at 50,000 X, Bar 100 nm. 
 
Transmission Electron Microscopy with M46 Knock out and Wild type Strain 
 
Transmission electron microscopy (TEM) was conducted to observe any 
changes or differences in the M46 knock out or wild type strain along the ultra thin 
cross sections of the cells. The sample was stained in uranyl acetate and in lead citrate. 
The images were photographed by using a Zeiss 900 Transmission electron 
microscope (see Figures17-18.) 
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Figure 17. Phenotype of M46 knock out and wild type yeast using TEM. TEM of M46 
knock out strain and 186 ura- (Wu27) wild type strain yeast. Left: Wild type 
strain,right: M46 knock out strain. The sample was stained in uranyl acetate and in 
lead citrate. Images were taken at 30,000 X, bar 0.5 um. 
 
    
Figure18. Phenotype of M46 knock out and wild type mold using TEM Wild type 
strain on left, and M46 knock out strain on right. The sample was stained in uranyl 
acetate and in lead citrate. Images were taken at 30,000X with a Zeiss 900 
transmission electron microscope, bar 0.5 um. 
 
Growth Curve of M46 Knock out and Wild type 
Yeast Growth Curve of M46 Knock out and Wild type 
            In order to determine if M46 is involved in maintaining normal growth rate, the 
rate of growth for both yeast and mold of the M46 knock out and wild type strain was 
measured and compared. For the yeast cells, the cells were grown in 50 ml of HMM 
broth that was supplemented with uracil, ampicilllin, and streptomycin, at 37
o
 C at 
approximately Klett 50. 
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 An absorbance reading was collected every 6 hours by using a klett meter for 3 
days. The experiment was conducted in triplicates (see Figure 19). The average of the 
readings is shown in the graphs. 
 
Figure 19. Growth curve of M46 knock out and wild type yeast. Absorbance reading 
was taken every 6 hrs by using a klett colorimeter (Science Ware) for 3 days. Cells 
were grown at 37
o
C. 
 
Mold Growth Curve of M46 Knock out and Wild type 
           M46 knock out and Wu27 Wild type cells were plated on HMM plates 
supplemented with uracil and amp/strep. The cells were grown as yeast at 37
o
C for 7 
days. The plates were incubated at room temperature for 10 days to grow as mold. The 
hyphae elongation was measured by using a 10 X ocular micrometer (Biorad) with a 
CZM4 (Labomed) dissecting microscope. Measurements were recorded every 24 hrs 
from day 5 to day 10, for a total of 6 days. The experiment was conducted twice and in 
triplicates. The graph shows the average growth of the hyphal extension (see Figure 
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20).             
 
Figure 20. Growth curve of M46 knock out and Wu27 wild type mold. Cells were 
grown as yeast for 7 days at 37
o
 C and shifted to 25 
o
 C to grow as mold for 10 days. 
The hyphae elongation was measured every 24 hrs from day 5 to day 10 a total of 6 
days. The measurements were taken by using a 10X ocular lens micrometer on a 
CZM4 Labomed microscope.  
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CHAPTER VIII 
RNA SEQUENCING 
RNA Sequencing Characterization 
RNA sequencing was conducted to examine differential gene expression 
though out the entire transcriptome of the M46 knock out strain and wild type strain.  
The overall gene expression level was illustrated via scatter plots. The scatter plots of 
the two strains were measured by FKPM (Fragments count per kilobases of exon 
length per million reads mapped to all exons). The expression levels shown, ranges 
from 1,000, 5,000, 10,000, 20,000 FKPM (see Figure 21-24). 
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Figure 21. FPKM 1,000 scatter plot of M46 knock out and wild type. Transcription 
expression level is measured by FPKM from ranges 1- 1,000 FPKM. 
 
 
WT 
KO 
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Figure 22. FPKM 5,000 scatter plots of M46 knock out and wild type. Transcription 
expression level is measured by FPKM from ranges 1- 5,000 FPKM. 
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Figure 23. FPKM 10,000 scatter plots of M46 knock out and wild type. Transcription 
expression level is measured by FPKM from ranges 1- 10,000 FPKM. 
 
 
 
 
KO 
WT 
53 
 
                    
 
 
Figure 24. FPKM 20,000 scatter plots of M46 knock out and wild type. Transcription 
expression level is measured by FPKM from ranges 1- 20,000 FPKM. 
 
Observation and Confirmation of Expression Levels with Undetectable Reads 
 
Out of 9,233 genes detected by RNA seq, 528 genes had 
significant levels of differential expression based on parallel analysis of the M46  
knock out and wild type strain. Out of those 528 genes, eight genes had  
            un-detectable reads. Table 2 shows the genes that were undetectable, along with  
          their potential function. 
 
 
 
 
 
KO 
WT 
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Table 2 
 
RNA Sequencing Analysis of Genes with Undetectable Reads 
 
 
 
 
 
Northern Blot Analysis Confirming RNA Sequencing 
             Northern blot was conducted to confirm RNA sequencing data that was 
shown in Table 2. The three genes that were confirmed were Orotidine 5’ 
monophosphate pyrophosphorylase (URA 5), Serine threonine kinase, and PHO 85 
cyclin. The northern blots were first probed with the ORF of the indicated genes, and 
then stripped and re-probed with 18s rDNA as a control (see Figure 25). 
                        WT   KO                       WT      KO                           WT     KO 
         M46         Ura5              Pho 85    
      18s rDNA  18s rDNA    18s rDNA                             
 
Figure 25.Northern blot analysis of RNA seq confirmation. Blots were probed with a 
P
32
radio labeled fragment of the indicated ORF and then stripped and re-probed with 
the 18s rDNA as a control. 
 
 
 
 
 
 
    
       Locus 
 WT  
FPKM 
  KO 
FPKM 
Log 
fold 
diff 
 
Pvalue 
     
Q value 
 
Function 
 
 
HCBG_00010 
 
 
0.00 
 
 
124.0 
      
  
 1.79 
 
 
5.55 e-11 
 
 
1.90 e-08 
 
 
Orotodine-  
monophosphate 
pyrophosphorylase 
HCBG_00012 0.00 146.0  1.79 7.51 e-10 1.65 e-10 Serine threonine 
protein kinase Ripk4 
HCBG_00215 1.90 0.00 -1.79 .002373 .039541 Predicted protein 
HCBG_00226 0.00 2.70 -1.79 .001331 .026541 Predicted protein 
HCBG_02074 1.19 0.00 -1.79 .000159 .005432 Conserved 
hypothetical protein 
HCBG_03739 28.0 0.00 -1.79 1.22 e-06 .000121 M46 
HCBG_09226 49.0 0.00 -1.79 8.43 e-09 1.40 e-06 Conserved 
hypothetical protein 
HCBG_09227 140.0 0.00 -1.79 8.67 e-11 2.62 e-08 Pho85 cylin 
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Gene Ontology of M46 Knockout Strain 
 
Blast 2 Go computer soft ware program was used to blast, map, and annotate 
the differentially expressed RNA sequences against various protein databases, in order 
to obtain gene ontology (Go terms), or the function of the sequences. The computer 
software program summarized the various ontology levels analysis into three distinct 
gene ontology categories: The cellular component, the biological process, and the 
molecular function. The Go terms with the highest number of sequences are shown in 
Figures 26-28. 
The M46 knock out cellular component ontology report (see Figure 26), shows 
that there is a high number of genes that are up regulated in the M46 knockout strain, 
that have functions that are highly associated with the membrane. For the genes that 
are down regulated in the M46 knockout strain, there is a high number of genes that 
are associated and correlated with functions that are found intracellular in the cell, 
particularly in intracellular membrane bound organelles, in which more than half of 
the genes associated with the intracellular membrane bound organelle is found in the 
nucleus. There were also a high association of genes that were found in the cytoplasm. 
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Figure 26. M46 knock out cellular component ontology report. The sequence numbers 
indicates the number of individual genes that are assigned to each GO term. Genes that 
are up regulated in the M46 knockout strain are mostly associated with the membrane. 
Genes that are down regulated in the M46 knockout strain, are mostly associated to the 
intracellular part of the cell, particularly with membrane bound organelles, that is 
highly associated with the nucleus. 
 
The biological processes, (see Figure 27), that were highly associated with 
genes up regulated in the M46 knockout strain were involved in metabolism, transport, 
localization, and oxidation- reduction. Genes down regulated in the M46 knockout 
have functions mostly involved in biological processes associated with metabolism, 
which includes cellular biosynthesis, nitrogen metabolism, protein metabolism, and 
macromolecule metabolism.  
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Figure 27. M46 knock out biological process ontology report. The sequence numbers 
indicates the number of individual genes that are assigned to each GO term. Genes that 
are up regulated in the knockout are mostly associated with biological processes 
involved in metabolism, transport, localization, and oxidation- reduction. Genes down 
regulated in the M46 knockout strain have functions mostly involved in with 
metabolism, which includes cellular biosynthesis, nitrogen metabolism, protein 
metabolism, and macromolecule metabolism.  
 
The molecular functions of most of the genes (see Figure 28) that are up  
regulated in the M46 knockout strain are involved in catalytic activity, binding,that 
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includes tranferase, transporting and oxidoreductase activity. Genes down regulated in 
the M46 knockout have molecular functions that are also mostly associated with 
catalytic activity and binding, but most of the binding is specifically associated with  
RNA.  
  
 
Figure 28. M46 knock out molecular function ontology report. The sequence numbers 
indicates the number of individual genes that are assigned to each GO term. Genes that 
are up regulated in the knock out, are mostly associated with molecular functions 
involving catalytic activity, binding, that is involved in tranferase, transporting and 
oxidoreductase activity. Genes down regulated in the M46 knockout molecular 
functions are involving catalytic activity and binding, most of the binding is associated 
with RNA. 
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CHAPTER IX 
DISCUSSION 
Why Mold? 
Histoplasma capsulatum unique capability of existing in two forms marks 
many avenues for investigation for pathogenesis (human host and environment). 
Genes highly expressed in the yeast phase is a top priority for Hc laboratories due to 
its presence in infectious tissues. Yeast phase specific genes such as CBP1, YPS3, and 
AGSI have all been linked to virulence and extensively studied (Sebghati, Engle, & 
Goldman, 2001; Bohse & Woods, 2007; Rappleye, Engle, & Goldman., 2004) Mold 
specifc genes are often over looked.  A mold specific gene that is essential for mold 
survival could be used in a fungicide as a target to destabilize the mold, and kill it 
before the fungus is transmitted to humans to cause infection. Therefore, mold specific 
genes are essential for study. MS8, a mold specific gene has marked the beginning for 
molds specific studies, in which its function is believed to be involved in maintaining 
normal hyphal growth (Tian & Shearer, 2001; Tian, 2002). This study focuses on 
another mold specific gene, M46. M46 was identified and characterized by Vani 
Naraharisetty. This study attempts to identify the function of M46. 
Confirmation of Characterization Studies of M46 
            M46 is a mold specific gene that was first identified via a mold and yeast 
subtractive library (Naraharisetty, 2003).  M46 consists of a gene that is 237 bp, and 
consists of two exons and a single 92 bp intron. One exon encodes for the entire M46 
ORF, and the other exon contains the poly A-tail signal (see Figure 1). The gene 
encodes for a very small putative protein that contains 79 amino acids and yields a 
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predicted protein size of 8.5 kDa. According to NCBI Genbank, to date, M46 does not 
have a homolog (data not shown) and therefore the function of M46 is unknown. 
Observation of M46 protein sequence with various proteomics structural analysis 
computer software programs by using http://www.expasy.ch/tools , gave very little 
insight on possible predictions concerning structure, function and location of M46 in 
the cell. I-TASSER, http://zhanglab.ccmb.med.umich.edu/I-TASSER,  (Ambrish, 
Kucukural, & Zhang, 2010; Zhang ,2008; Ambrish, Vang, & Zhang, 2012), 
computated a predicted structure, however, the top predicted M46 structure contained 
a low Cscore  of -2.95 (in which Cscore range is from -5 to 2, with the higher end 
signifying a high confidence) . The predicted M46 structure contains a single alpha 
helix on the N-terminal end followed by a single beta sheet on the C-terminal end 
(data not shown). With very little sequence similarities from other organisms, the 
predicted function and location of the M46 protein at this time, can not be determined.  
A southern blot analysis of M46 has also been repeated to confirm that M46 is 
a single copy gene (see Figure 3). Because M46 is a single copy gene, molecular 
studies including gene disruption can be possible. Multiple copies of the gene would 
have indicated extreme importance of the gene. If a copy of the gene was somewhat 
altered and could not function properly, it would have other copies that could be used 
to continue on its function. Hence a single copy gene makes it easier to disrupt the 
gene for molecular studies. 
A northern blot analysis of M46 has also been repeated to confirm earlier 
predictions. The blot reveals that M46 is not expressed in the yeast phase of the four 
Hc strains; G184AS, G186AS, G217B, and Downs. These results confirms that M46 is 
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a phase specific gene .The gene was expressed in the mold, in non-virulent G186AS 
and low virulent Downs strains, and not expressed in the mold phase for high virulent 
G217B and non-virulent G184AS strains. The strains not expressing M46 grow 
normal as mold. The mold appears to be similar in morphology to the mold strains that 
express M46. There could be many reasons for lack of expression of M46 in strains 
G217B and G184AS. Previous studies have ruled out disruptions in the open reading 
frame. The open reading frame sequence of M46 in all four strains is highly conserved 
(data not shown). Other reasons for lack of expression could be due to a non -
functional promoter (cis- acting element) or a transcription factor (trans- acting 
element) that is present or absent that is not allowing for expression to occur. Further 
experiments such as promoter deletion studies and fusing the promoter to a reporter 
such as GFP or YFP could be useful in testing the stability of the promoter. 
Identifying and determining the existence of transcription factors that may be involved 
in the down regulation of M46 in the latter strains, could be administered by mobility 
shift analysis, DNase foot printing, south western blotting, and affinity column 
chromatography. 
Because M46 is expressed in strains G186AS and Downs, suggests that M46 is 
importan, and perhaps strains G184AS and G217B has evolved and adapted in such a 
way that it no longer needs the gene in the environment. Thus finding the function of 
M46 is a priority in this study. 
Rapid Methods for Determining the Function of M46 
At the time of early characterization studies of M46, M46 was characterized as 
a unique gene with no homologs according to NCBI Genbank. To date, according to 
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NCBI Genbank, M46 does not have any conserved domains and significant homologs. 
There were few similarities of sequences from various fungi that are found in soils. 
However, the max identity for these fungi were fairly low and does not indicate a 
significant ortholog (see Table 1).  
M46 is not expressed in the yeast phase. Northern blot analysis of M46 in the 
four major Hc strains suggests that M46 is not involved in dimorphism due to the fact 
that M46 it is not expressed in two of the strains and all four strains grow well as 
mold. However, if M46 is involved in dimorphism, then expression of M46 at 37 
o
 C, 
the yeast phase temperature, should cause the cells to obtain the mold morphology. 
The yeast phase specific gene YPS3 is differentially expressed. The gene is expressed 
in strain G217B and is expressed in undetectable levels in Downs (Keath, Kobayashi, 
& Medoff, 1989). A knock down of this gene via RNA interference revealed that it 
was also not involved in dimorphism (Bohse & Woods, 2007). Therefore, the down 
regulation of M46 in two of the Hc strains suggest that the gene is also not involved in 
dimorphism.    
Over expression of M46 in yeast phase temperature was administered by fusing 
the open reading frame of M46 in frame, to the TEF1 promoter (translation elongation 
factor), a strong constitutive promoter. The TEF1 promoter is functional in both mold 
and yeast. To test for transcription of the gene in the yeast phase, a northern blot was 
conducted (see Figure 8). The northern blot shows over expression of M46 in the yeast 
phase of strain G186AS. The controls contain RNA from mold and yeast cells that are 
not harboring the trans -gene. In comparison, the mold phase is highly expressing M46 
as compared to the yeast phase that is showing undetectable levels of expression. The 
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two over expressed yeast clones are showing detectable levels of M46 expression but 
is not as highly expressed as the expression of M46 in the mold phase. The blot was 
stripped and re-probed with the constitutive 18s rRNA to show that the RNA was 
present and not degraded. 
Over expression of M46 in the yeast phase temperature did not shift the cells to 
the mold morphology. This was shown with the two over expressing clones grown in 
liquid and solid HMM media at 37
o
 C. The appearance of cells over expressing M46 
resembled the appearance of the yeast control that is not harboring the trans- gene (see 
Figures 9 and 10). Cells over expressing M46 in the yeast phase, also grew normal as 
mold, once shifted to 25
o
 C, the mold morphology growing temperature (data not 
shown). These results suggest further, that M46 is not involved in dimorphism, and 
therefore the down regulation of M46 in the yeast phase is not involved in maintaining 
the yeast morphology.  
Genomic Disruption of M46 
Genomic replacement via positive/ negative selection was used to create an 
M46 knock out. This method, was first conducted by Sebghati (Sebghati, Engle, & 
Goldman, 2001) to create the CBP1- knock out. The method is very time consuming 
and takes approximately 10 wks. A modified version of this procedure that takes less 
time has been previously described by Tian (Tian & Shearer, 2001; Tian, 2002). This 
modified version has been successful for creating an MS8 knock out. This method 
shortens the tranformants time to grow in very little media, to allow for the rare double 
cross over event occur, to just 1 wk instead of 3 weeks, as suggested by Sebghati .The 
method also deletes the step of growing the cells in broth for positive and negative 
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selection for 3 wks, and directly goes into plating the samples on solid media that is 
engineered for positive negative selection. Positive selection is achieved by growing 
the tranformants on hygromycin plates, and negative selection is achieved 
simultaneously by supplementing the media with 5-FOA which selects against uracil 
prototrophs. 
 Confirmation of an M46 knock out was confirmed via PCR, Southern, and 
northern blot analysis. For PCR confirmation, primers were designed to amplify 
regions of the chromosome and not the vector. A wild type PCR product would yield a 
6.0 kb fragment, an M46 knock out product would yield a size of 8.1 kb due to the 700 
bp deletion that contains 69 % of the M46 ORF and the replacement of the 3.1 kb 
hygromycin antibiotic marker. Fifty clones were screened and only 1 clone yield a 
product size similar to the predicted knockout size. Figure 16 shows a representative 
of 4 out of the fifty clones that were screened via PCR. The sample in lane 3 yields a 
product size of 8.1 kb which is expected for a putative M46 knock out. The putative 
knock out was further confirmed via Southern blot analysis. The blot was first probed 
with the 700 bp fragment that was deleted from the M46 knock out construct, that 
contains 69 % of the M46 ORF. The results in figure 17 shows that the ORF is present 
in the wild type and is not present in the M46 knock out strain. The same blot was 
stripped and re-probed with the hygromycin antibiotic resistant marker, which was 
used to re-place the deleted 700 bp fragment in the M46 knock out construct. The blot 
clearly shows that the hph marker is present in the M46 knock out strain and is not 
present in the wild type strain, thus confirming the M46 knock out. 
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A third confirmation of the M46 knock out was via northern blot analysis. 
RNA was extracted from both wild type and M46 knockout yeast and mold strains. 
The blot was first probed with the M46 ORF and then stripped and re-probed with the 
18s rDNA. Figure 18 shows expression of M46 in the Wild type mold and 
undetectable levels of expression of M46 knock out mold. These results are expected 
since M46 is disrupted in the knockout strain, and therefore is unable to be transcribed. 
The results also show undetectable expression of M46 in the yeast of both wild type 
and M46 knock out strain. These results are expected since M46 is a mold specific 
gene and is known to only express in the mold phase. The results via PCR, Southern, 
and northern blot analysis confirms the M46 knock out. 
Morphological Studies 
To observe any changes in the morphotype, the M46 knock out and wild type 
strains were observed in yeast and mold morphology via confocal microscopy, 
scanning electron microscopy (SEM) and transmission electron microscopy (TEM). 
For general observations, cells were grown in HMM liquid and solid media. 
Bright field microscopy with observation of cells by using the confocal 150 (Zeiss) 
microscope, did not yield any visible changes in shape or structure for both yeast and 
mold of knockout and wild type strain in HMM liquid media. Likewise, there were no 
visible structural differences in shape or color once cells were grown as yeast and 
mold on HMM plates, as seen in Figures 19 and 20.  
For SEM, there were no significant structural differences of the wild type and 
knockout strain along the surfaces of the yeast as shown in Figure 21. Like wise, there 
was also no significant structural differences along the surface of wild type and M46 
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knock out strain in the mold as seen in Figure 22. The cell surface of both wild type 
and knock out strain mold had many unknown circular protrusions throughout the 
hyphae.  
For TEM, there were no consistent differences along ultra thin cross sections 
of both the yeast and mold of the wild type and M46 knock out strain (see Figures 23-
24). There was variation of the amount of small filament like structures throughout 
both strains and both morphotypes along the surface outside of the cell wall. This 
variation is not enough evidence to consider a difference along the surface of the cell 
for both wild type and knock out strain. 
Growth Curve Studies 
The yeast and mold growth studies show that the wild type and knockout 
mutant had essentially identical rates of growth. The slope for both yeast and mold 
growth curves as shown in Figures 25 and 26 are very close, indicating similar growth 
rates. For the mold growth analysis, in this study, the knockout shifted to mold a day 
earlier, but the rate of hyphae extension after cells shifted was similar, as shown in 
figure 26. These results indicate that M46 may not be involved in maintaining proper 
growth and replication of Hc cells. 
RNA Sequencing 
            RNA sequencing is a high through put sequencing method, that is an 
alternative approach to micro array studies. It allows parallel studies of gene 
expression of an entire transcriptome. The advantage is that it allows the investigator 
to observe alternative splicing, gene fusions, and post transcription modifications. The 
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disadvantage is that it is expensive and is more time consuming when compared to 
micro array analysis. 
 In this study, RNA sequencing was administered to the M46 knockout and 
wild type mold strain to conduct a parallel comparison study on gene expression. Out 
of 9,233 genes, 528 genes were significantly differentially expressed. Figures 27-30 
shows scatter plot representative of the gene expression levels of the two strains that 
was measured in FPKM (fragments count/ kilobases of exon length per million reads 
mapped to all exons). The range is from 1-20,000 FPKM. The genes along the thresh 
hold lines, represents approximately 8,700 genes that have similar gene expression 
between the strains. The further away the gene is way from the line, the more that 
particular gene is differentially expressed between the two strains. 
 Out of the 528 genes that are significantly differentially expressed, eight were 
said to have zero or undetectable reads, (see Table 2). M46 was one of the genes that 
had zero or undetectable reads in the knockout strain, signifying that M46 had been 
knocked out. An NCBI BLAST protein search, revealed that the function of four of 
the genes was unknown. Ura5, was also a gene with undetectable reads for the wild 
type strain. The Ura5 results, was expected for the wild type strain, because the M46 
knock out construct contained a intact URA5 marker, and was electroporated into a 
G186AS ura- (Wu27) strain, in which the Ura5 gene had been mutated via uv 
radiation. Pho85 cylin, a multi-functional cyclin–dependent protein kinase had 
undetectable reads in the knockout strain. This gene is involved in multiple pathways 
including cell cycle, regulating metabolism, and sensing environmental changes 
(Huang, Frieson, & Andrews, 2007). Rifk4, Receptor-interacting serine/threonine-
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protein kinase 4, is a kinase that undergoes autophosphorylation that interacts with 
protein kinase C-delta and can also activate NfkappaB. It is required for keratinocyte 
differentiation (Bahr et al., 2000). This gene also had zero or undetectable reads in the 
wild type strain. To confirm the validity of RNA sequencing for the 528 significant 
differentially expressed genes, a northern blot was conducted by extracting total RNA 
from both the M46 knock out and wild type mold strains, and using P
32 
radio labeled 
fragments containing the ORF of M46, URA5, and PHO85 cyclin.  The results shown 
in Figure 25 were as expected. The northern blot has shown expression of M46 and 
Pho85 in the wild type mold, but not in the knockout mold. The northern blot also 
showed, expression of Ura5 in the M46 knockout, and not in the wild type. These 
results validate the results of RNA sequencing. 
After RNA sequencing, Blast2 go computer software program, was used to 
blast, map, and annotate the genes in order to apply gene ontology, or Go terms to the 
sequences.  Blast2go was also used to visualize the gene ontology level summaries of 
the differentially expressed genes, according to cellular component, biological 
process, and molecular function (Conesa et al., 2005; Conesa & Gotz, 2008; Gotz et 
al., 2008; Gotz et al., 2011). The results show that a majority of the genes that were up 
regulated, in the M46 knockout, had function that was associated with the membrane 
as the cellular component. These genes were further described as intrinsic or integral 
to membrane, see Figure 26. According to the biological process, as shown in Figure 
27, more than half of the gene’s functions that are associated with the membrane were 
involved in transmembrane transport. Transport was also listed in the molecular 
function, see Figure 28. A break down of the 33 genes involved in transport, revealed 
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that 11 of the up regulated transporters, were part of the Major Facilitated Super 
family (MFS). The MFS transporters are a large group of family that transports a 
range of substrates in response to a chemiosmotic gradient. The transporters are 
specific to their substrates and could be involved in drug resistance, sugar uptake, 
uptake of Kreb cycle intermediates, phosphate ester/phosphate anti-port, and 
oligosaccharide transport (Mayer et al., 1993). 
Six out of 11 of the MFS transporters that were up regulated in the M46 
knockout strain, were MFS drug transporters. The MFS drug transporters are involved 
in drug resistance (Paulsen, Brown, & Skurray, 1996).  These transporters are 
associated with an efflux system that transport drugs from the cytoplasm to the 
environment, before accumulation of the drug becomes lethal to the cell. The up 
regulation of these MFS transporters could suggest that M46 knockout strain may be 
more resistant to drugs. Observations of genes down regulated in the M46 knockout 
strain revealed that an ABC (ATP binding cassette family) multi- drug transporter, and 
a multi-drug resistant protein are down regulated. The up regulation of these ABC 
transporter genes in the wildtype strain, could likely compensate for the down 
regulation of the six MFS drug transporters, If this is true, drug resistance may sustain 
in the wild type strain. Transporters that are involved in MFS drug transporters have 
not been extensively studied in Histoplasma capulatum, but have been studied in other 
pathogenic organisms including Streptomyces coelicolor (Vecchion, Alexander, & 
Sello, 2009) and Candida albican (Calabrese, Bille, & Sanglard, 2000). Further 
characterization of the MFS drug transporters, and the Multi-drug transporters,by  
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determining the transporters substrates, and conducting susceptibility assay in this 
study, would be beneficial in characterizing the function of M46. 
Iron acquisition is vital for Hc survival, and has been studied mostly in the 
pathogenic yeast morphotype. Hc acquires iron from its environment by using ferric 
reductases, transferrin, or siderophores. Disruption of genes involved in iron 
acquisition result in poor cell growth (Hwang, Mayfield, Rine, & Sil, 2008; Zarnowski 
& Cooper, 2008). In this study, five of the transporters up regulated in the M46 
knockout strain were also involved in iron transportation. Two of these genes were 
siderophore transporters, two are iron transport multi-copper oxidases, and 1 was a 
plasma membrane iron permease that responds to iron starvation along the cell 
surface.  The disruption of M46 in the cell may cause a stress response, that require 
more iron. Therefore up regulation of these iron transporters may be essential.Assays 
involving iron acquisition in M46 knockout and wild type strain would be beneficial to 
test M46 involvement in iron acquisition. 
There were also five sugar transporters that were up regulated in the M46 
knockout strain. Four out of five of these sugars were non-specific. One sugar 
transporter is classified as a MFS glucose transporter. Further identification of 
substrate and any compensatory mechanism is necessary to investigate M46 
involvement in sugar transportation. 
The genes that were down regulated in the knockout, had functions that were 
mostly found in the cellular component that was associated with intracellular 
membrane bound organelles (see Figure 26). Half of the membrane bound organelles 
had functions associated with the nucleus. A large number of the sequences also had 
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functions that associated with the cytoplasm. The majority of the biological processes 
(see Figure 27) that were down regulated in the M46 knockout strain were involved in 
metabolism which included nitrogen and macromolecule metabolism. The molecular 
function of the down- regulated sequences (see Figure 28), had large numbers of genes 
associated with RNA. These findings suggests that the down regulation of M46, is 
highly associated with transcription. However, the specificity of which pathways are 
affected by the down regulation of M46 is undetermined.  
Nitrogen metabolism is required for cell survival. In the M46 knockout strain, 
there were approximately 50 sequences that were down regulated, that are involved in 
nitrogen metabolism. Limited studies on nitrogen metabolism has been conducted in 
Hc. Much information on nitrogen metabolism is gathered from the model organism, 
Saccharomyces cerevisae. In Saccharomyces, studies have shown that mutations in 
urea, ammonia, and amino acid permeases, which are primary nitrogen sources, did 
not suggest an individual nitrogen source that is required for cell survival (Kingsbury, 
Goldstein, & McCusker, 2006). This means that the cell has multiple avenues of 
obtaining its source of nitrogen for survival. Investigation of nitrogen metabolism in 
Histoplasma capsulatum in general could provide more answers in understanding 
which nitrogen metabolism pathway is more associated with the down regulation of 
M46. 
  Out of approximately 500 differentially expressed genes, almost half 
of the function of these genes are unknown, and therefore it is almost impossible to 
give an accurate hypothesis for the function of M46.  Determining the function of 
these genes by genomic disruption via allelic replacement and RNA interference 
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would be useful, however with approximately half of the genes function unknown, a 
much larger scale approach is needed. One method is signature tagged mutagenesis, 
by using tagged transposons. This method has been used for large scale identification 
of virulence genes in Streptococcus pneuoniae (Polissi et al., 1998). A second, but 
similar aproach, is by using high density in vitro transposon mutagenesis and genetic 
foot printing. This approach has been used to detect genes that are essential for growth 
and survival in Haemophilus influenza (Akerly et al., 2002). These approaches may be 
used as a shot- gun approach to attempt to characterize the function of the unknown 
genes in this study.  
What is the Function of M46 
As of date, the function of M46 is still unknown. However over expressing 
M46 in yeast phase growing temperature and creation of an M46 knock out, did give 
information of what the function of the gene is not. According to over expression 
studies and M46 knock out studies, M46 is not involved in dimorphism, and therefore 
the down regulation of M46 in the yeast phase is not due to maintain the yeast 
morphology. Bright field microscopy, SEM, and TEM, did not reveal a significant 
structural difference in the knock out when compared to wild type. These findings 
suggests that M46 is not involved in maintaining the structure of the cell. Growth 
curve studies of the M46 knock out suggest that M46 is not involved in maintaining 
the cellular growth rate. RNA sequencing results suggest that drug resistance, iron and 
sugar transport may be some avenues to further investigate the function of M46.  
Future studies would include testing these findings by conducting drug susceptibility, 
iron acquisition assays, and sugar assays. If M46 is involved in drug resistance, than 
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an M46 knockout could be used as an additive for Hc mold fungicides. If M46 is 
involved in iron and sugar transport, then deprivement of iron and sugar 
environmental sources, and using M46 as a target could be one avenue of fungal 
control in the environment. 
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                 APPENDIX  
    M46 PRIMERS 
 
Primers for M46 Northern and Southern Blot Analysis 
 
 
       Primer name 
                         
                    Sequence 
M46 ORF 
north fwd 
ATGAAGTTCAGCATCGTCAACGTCCT
TGTTTCC 
M46 ORF 
north rev 
TCAAAATGGGCAAGGGTTATTGCTCT
GC 
 
M46 700 bp 
confirm fwd 
             
GAGATCCACTGGCCTACTCGAGGGC
ATTTTGACTCGTTG 
        
M46 700 bp 
confirm rev 
GGTTGCATTCGTACACATGGTC 
 
Hph fwd    
EcoRV 
GATATCGGAGGGGTGGTGTCAAGGA
GGAG 
Hph rev 
EcoRV 
GATATCTGGAAGAGGTAAACCCGAA
AC 
  
Primers for Over Expression Analysis 
 
 
 
 
 
 
 
 
 
 
          Primer name 
 
 
                
                Sequence 
TEF fwd  CGACCAACTTCGTTAGTGTCC
TCCACAACACCTCTCTC 
TEF nested fwd CGCCCGGGCAGGTAGCTTTA
GAAAAAATCGG 
 
TEF promo rev orf CGTTGACGATGCTGAACTTCA
TGAGACCAGGAGAAC 
 
M46 ORF rev TCAAAATGGGCAAGGGTTAT
TGCTCTGC 
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                                                  M46 Knock out Primers 
 
Primer Name Sequence 
M46 5 kb fwd 
XbaI 
(M46f1) 
CTTCTAGACCCTTTCGTTTCATCGT
TTCC 
 
M46 5kb rev XbaI 
(M46r1) 
CTTCTAGAGCTAAAGTGACAACAT
CGCTCGC 
 
M46 chromosome 
fwd  (M46 f2) 
GTTTAGGTGTTTCATTCCTTCATGT
CC 
 
M46 Chromosome 
rev (M46 r2) 
CTCTTTAAATTATGGACCTAGAAT
ACCTGTC 
                                                       
Plasmid List 
pCR2.1 Invitrogen For cloning PCR 
products 
pGEM- T Easy Promega For cloning PCR 
products 
pRPU1 Rebecca Phelps Carrying PaUra 5 
and telomeric 
sequence 
pRPUT1 Rebecca Phelps pRPU1 carrying  
Hc TEFI promoter 
pMOE Constructed Hc TEFIp fused to 
M46 cloned into 
pCR2.1 
pDCMO1 Constructed pMOE with pRPU1 
PaURA5 tel- tet 
sequence 
pDCN1 Constructed M46 N –terminus 
Flag tag cloned into 
pCR2.1 
pDCC1 Constructed M46  C–terminus 
Flag tag cloned into 
pCR2.1 
pDCUN1 Constructed M46 N –terminus 
Flag tag cloned into 
pRPU1 
pDCUC1 Constructed M46 C–terminus 
Flag tag cloned into 
pRPU1 
pGX2 Constructed Carrying Hph gene 
pM46g Constructed 4.8 kb M46 
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fragment cloned 
into pGEM-T Easy 
pM46g::hph Constructed Hph gene 
sequencing 
replacing part of the 
M46 genomic 
sequence pM46g 
pUM46g::hph Constructed Disrupted M46 
sequence of pM46 
g cloned into 
pRPU1. 
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